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Abstract 
Two SnO2 materials synthesized from SnCl4 and Sn(CH3COO)2 precursors were investigated concerning their 
hydrogen sensing properties in different oxygen backgrounds. At very low oxygen concentrations one observes a 
huge increase in the sensor response but no water formation in the exhaust and very different sensing performance 
for the different materials. As the oxygen content increases, the sensor response decreases and water production 
occurs and the sensing performance of the two materials becomes very similar. 
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1. Introduction 
Even if SnO2 is known since more than 30 years as a good material for gas sensors and even if it was extensively 
studied there are still unclear aspects of the way in which the sensing takes place [1]. One of the main reasons is the 
fact that most of information about the reaction of the material with the background atmospheric gases (O2 and 
water vapour) is obtained in conditions far away from the operational ones. Accordingly, it is very important to 
understand and model the basic reactions involving the material, the background gases (here O2) and the target 
gases. Recently, results were published on the effect of CO with Pt and Pd doped SnO2 sensors in very low oxygen 
backgrounds (around 20ppm). The findings indicate that there is a direct reaction between the gas and SnO2, which 
is not involving the lattice oxygen ions [2]. The results are opening up a complete new way of examining the gas 
sensing properties because it was considered that adsorbed oxygen is needed for the sensing or, at least, that the 
reaction with the reducing gases will determine the reduction of the material, which is not the case. However in the 
previous work, there was still a significant oxygen contamination and no systematic studies on undoped SnO2 were 
performed. Therefore, the setup was optimized and the background oxygen contamination was reduced to less than 4 
ppm and differently prepared undoped SnO2 materials were examined (obtained from different precursors with very 
different grain sizes, in order to be able to assess the universality of the findings and to correlate the differences in 
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 the gas sensing properties with the structural ones). The chosen target gas is H2 because it was expected to show 
more reactivity towards the lattice oxygen. 
 
 
Figure 1: TEM pictures of “SnO2-Cl” (a) and “SnO2-Ac” (b) materials scratched from sensor substrate after gas test probe. 
 
2. Experimental 
The sensing properties of two undoped SnO2 nanomaterials were investigated. One material, “SnO2-Cl”, was 
synthesized via a “classical” sol-gel method, starting from SnCl4 with dropwise addition of an aqueous NH3 solution 
and a following calcination step at 1000°C [3]. The other one, “SnO2-Ac”, was obtained from tin (II) acetate 
complex dissolved in water free acetic acid; the solid phase was precipitated with dropwise addition of aqueous NH3 
and separated from the colloidal mixture by centrifugation, followed by a drying step at 300°C for 24 hours and a 
final calcination at 500°C.  
Both materials were mixed with propanediol to get a homogenous paste. The sensing layers were produced via 
screen printing onto a planar Al2O3 substrate. The front side of the substrate is provided with interdigitated Pt 
electrodes. These electrodes are connected to a multimeter (Keithley DMM 199) for monitoring the resistance 
change of the deposited sensitive layer. A Pt heater at the back side of the alumina substrates allows the operation of 
the sensors at well controlled temperatures. The printed sensors were put afterwards into a belt oven for a final 
thermal treatment (SnO2-Cl: 400-600°C; SnO2-Ac: 300-500°C). 
DC-resistance measurements together with water monitoring in the exhaust gas were performed at different O2 
concentrations in a N2 (5.5) background: <4 ppm, 150 ppm and 22000 ppm. The actual oxygen concentration was 
controlled with an electrochemical oxygen analyzer which was connected to the system after the sensor chamber. In 
all cases the sensors were exposed to 10, 20, 30, 50 and 100 ppm of hydrogen. The water production as a result of 
hydrogen catalytic oxidation was monitored with a photo-acoustic gas analyzer. The operation temperature was 
adjusted to 300°C.  
After the gas test probes from the two sensing materials were obtained by scratching the sensing layers; the aim was 
scratched to check the grain size and morphology with TEM (Figure 1 a,b). Therefore, the materials were dispersed 
in absolute ethanol and a drop of the resulting mixture was deposited on the TEM grid. 
 
3. Results 
 
The crystalline structure of both materials corresponds to rutile type with particle sizes ~200 and ~15 nm for SnO2-
Cl and SnO2-Ac resp. (Figure 1 a, b). The crystallite sizes of the materials, estimated from XRD line broadening, 
correspond to 70 and 5 nm for SnO2-Cl and SnO2-Ac resp. 
The sensor response and sensor signal plots of both materials are shown in Figures 2 and 3 (the sensor signal was 
defined as resistance ratio R0/R). It was found that at the lowest O2 concentration (<4 ppm), the SnO2-Cl material 
shows the highest signals with fast response and recovery time in the whole range of H2 concentrations. At about 50 
ppm hydrogen one observes a saturation effect in the resistance change. The SnO2-Ac material shows a very slow 
recovery time (the baseline resistance was not reached even after 3 hours of recovery) with signal saturation already 
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 at 20 ppm. Despite the drastic change in the resistance during exposure to hydrogen at the lowest oxygen 
background, no water formation was observed for both materials; this means that the cause of the sensor signal is 
not related to surface reduction of SnO2 (hydrogen reaction with lattice oxygen resulting in the formation of oxygen 
vacancies), which is very similar to the earlier findings on the interaction with CO [2]. 
 
Figure 2: Resistance change of the “SnO2-Cl” sensor (a) and of “SnO2-Ac” sensor during exposure to hydrogen concentrations at three different 
oxygen backgrounds (A <4ppm, B=150ppm, C=22000ppm). 
 
The situation changes drastically with the increase of oxygen background concentration. Starting from 150 ppm O2 
water formation was found in the exhaust gas during sensor exposure to hydrogen, which indicates that in the 
presence of adsorbed oxygen species the reaction with H2 is the expected one, involving adsorbed oxygen species 
[4].  
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As one can see from the Figure 2 a and b, both materials demonstrate fast response and recovery time as well as 
similarity in the sensor signals. One should notice that no saturation effect occurs in this hydrogen concentration 
range. 
 
 
Figure 3: Comparison of the sensor signals for the both materials (“SnO2-Cl” and “SnO2-Ac”) in different oxygen backgrounds (A <4ppm, 
B=150ppm, C=22000ppm) 
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 4. Discussion 
 
It is generally accepted that there is a direct interaction between hydrogen and metal oxides’ surfaces, which 
involves the dissociation of H2 and the bonding of the resulting hydrogen atoms to surface lattice oxygen. The result 
is a pair of rooted hydroxyl groups that are donors [5] in a process that will not generate any water. In the absence of 
atmospheric oxygen such a process can be responsible for the recorded decrease of the sensors’ electrical resistance 
(process 3). 
( ) −+ +↔+ eOHOH OOgas 2222      (3) 
In an energy bands representation this situation can be described by the appearance of a donor state above the Fermi 
level of SnO2 and the build-up of a surface accumulation layer [6].  
The saturation of the signal can be determined either by a limited concentration of sites that are allowing this type of 
interaction or by the pinning of the Fermi level at the donor’s energetic level. The former is not quite credible 
because there are enough surface lattice oxygen ions. For the latter speaks also the fact that the saturation is reached 
by both materials at the same sensor signals, which roughly means the same downward band bending (aprox. 300 
meV). This limit is reached by SnO2-Ac at lower H2 concentrations than for SnO2-Cl and the desorption seems much 
slower for SnO2-Ac. 
The presence of O2 in the atmosphere changes the interaction, see equations 1 and 2; oxygen ionosorption can be 
described by the appearance of an acceptor state below the Fermi level. H2 can now also react with the adsorbed 
oxygen ions (process 2); because such a mechanism doesn’t involve the dissociation of hydrogen it is expected that 
its activation energy is lower and process 2 faster than process 1. Moreover, the electrons generated by the build-up 
of the rooted hydroxyl donors can be trapped on the acceptor states associated with oxygen ionosorption and it is 
possible that as long as there are adsorbed oxygen ions at the surface of the oxide process 2 dominates. An 
additional hint that this is the case is the similitude of the responses of both materials in the presence of atmospheric 
oxygen. 
The reason of the differences between the sensor responses of the two materials in very low oxygen backgrounds 
could have something to do with their different crystalline qualities. Because of the high cacination temperature, we 
know that SnO2-Cl material is very close to stoichiometry and the lattice has very few defects [3]. On the opposite, 
small crystallite and particle sizes of SnO2-Ac indicate highly defective crystallite lattice (Fig. 2 a, b).  
 
5. Conclusion and Outlook 
 
In this contribution we proposed a model that explains the experimental results by taking into account the 
competition between to SnO2/H2 reaction process. Currently, additional investigation techniques are applied (work 
function changes, DRIFTS) in order to clarify the reasons for the different behaviour of the materials at low oxygen 
backgrounds. Apart from these techniques it would be interesting to study sensing properties of the materials 
towards other reducing gases (e.g. CO) in  such low oxygen atmosphere. 
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